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ABSTRACT 
Detailed information on the pigs’ temporal drinking patterns is essential 
when delivering water based health products because there is a risk that not all 
pigs will visit the drinker adequately and hence, may not have received sufficient 
vaccine or antibiotics required to protect the animal.  Limited research has 
evaluated drinking visits and water disappearance in nursery pigs.  Recent work 
has begun to investigate the pig to water resource ratio and the placement and 
type of water delivery systems.   
This thesis covers the areas of: (1) drinking behavior of seven week old 
pigs when water is either withheld for a period of 15 h or provided ad libitum and 
(2) drinking behavior, aggressive interactions, water bowl preference, and 
performance measures between seven week old nursery pigs when provided a 
1:25, 1:12, or 1:8 drinker to pig ratio.  
In the first study a total of 194 seven week old PIC (USA) pigs, weighing 
22.98 ± 5.38 kg were housed in single sex pens in a commercial nursery facility.  
Two treatments were compared; treatment one; withheld (WH; n = 4) pigs did not 
have access to water for 15 h and treatment two, control (CONT; n = 4) pigs had 
continuous ad libitum access to water.  Drinking behavior was recorded from 
0700 to 1300 h over two consecutive days.  The acquisition of drinking behavior 
(defined as the pig having its head in the nipple-cup drinker for 5 s or longer) was 
obtained.  Total number of visits, visit lengths and water disappearance were 
analyzed.   
 vii 
This study found that manipulating water access for a period of 15 h 
affected the number and length of drinking visits to the nipple cup drinker over a 
6 h period, with WH pigs spending longer at the water resource and visiting more 
often than their CONT counterparts.  Upon breaking each hour down respectively 
the differences (P = 0.0001) were noted in the first hour (0700) after water was 
restored with the control group making fewer visits (1.96 vs. 4.46 ± 0.26) and 
spending less time (18.08 ± 4.04 vs. 64.44 ± 4.02) at the nipple cup drinker when 
compared to the withholding group.  After 60 min of water restoration there were 
no differences in the number of visits or length of time spent at the nipple cup 
drinker between treatments.  In addition, water disappearance over the 
observational period was greater for pigs that had water withheld compared to 
pigs that were in the control treatment.   
In the second study a total of 225 crossbred (21 ± 4 d) gilts weighing 5.38 
± 2.65 kg were used.  Nine pens were used for behavioral and performance 
measures (average daily gain [ADG]), and three treatments were compared.  
Treatment one (TRT 1; n = 3) was defined as one water bowl drinker per pen.  
Treatment two (TRT 2; n = 3) was defined as two water bowl drinkers per pen 
and treatment three (TRT 3; n = 3) was defined as three water bowl drinkers per 
pen.  Drinking behavior, aggressive interactions and water bowl preference were 
recorded from 0700 to 1300 h over two consecutive days.  The acquisition of 
drinking behavior (defined as the pig having its head in the water bowl drinker for 
5 s or longer) was obtained.  The total number of drinking visits and visit lengths, 
number of aggressive interactions and duration, water bowl preference, in 
 viii 
regards to the length of time spent at each drinker, and performance measures 
were analyzed.   
 When offered more places to drink, pigs visited the water bowl drinker 
more often (P = 0.0209) which tended (P = 0.06) to increase ADG in nursery 
aged pigs.  In addition, pigs displayed a water bowl drinker preference with the 
alley location being the least favored.  Additional information on placement of key 
resources within a pen to enhance the drinking behavior for the pig is a useful 
tool for the swine industry and stakeholders when designing water delivery 
systems to enhance pig well-being and overall profitability. 
 Water functions, water quality, and water requirements are all essential to 
the well-being of the individual pig.  It has been stated by numerous authors that 
water is the “forgotten nutrient.”  Yet, information regarding water requirements 
for all stages of pig production, the specifics to optimize water delivery to the pig, 
water resource location within the home pen and the ratios of pigs to the drinking 
resource are to date limited.  This research provides new information on water 
management manipulation and water bowl placement within a nursery pen that 
may affect the drinking patterns of the individual pig.   
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CHAPTER 1. LITERATURE REVIEW 
 
 This literature review covers four major areas of research.  The first area 
will address the functions, quality and requirements of water for the pig.  The 
second area will describe drinking behavior.  The third area will address the 
plethora of factors that impact the drinking behavior of the pig.  Finally, the water 
systems and pen designs that enhance or hinder the drinking behavior of the pig 
will be addressed.  
 
Water Functions, Quality and Requirements 
Water Functions 
 Three major water sources for swine have been identified; (1) water 
consumed by the individual pig (2) water, as a component of feedstuffs, and (3) 
water obtained via oxidized carbohydrates, fats, and proteins (NRC, 1998).  
Water loss in swine occurs via urine, feces, respiration, and skin (McGlone and 
Pond, 2003). 
 Water is essential for a variety of biochemical reactions that require the 
presence of water to function correctly, it supplies a protective cushioning to the 
nervous system (i.e. cerebral-spinal fluid), and is required for the lubrication of 
joints (NRC, 1998).  In addition, nutrients are transported to tissues via water and 
waste products from cell metabolism are removed. 
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Water Quality 
 Brumm (2005) reported that enhancing the quality and delivery of water to 
pigs may not be the answer to perfect herd-health, but it can lead to healthier 
pigs and increased production effectiveness.   
 Water should appear colorless and odorless; if water appears colored, 
murky, or has an odd smell or taste, measures should be implemented to check 
the quality of the water (van Heugten, 2000).  Water quality can be determined 
by a variety of chemical tests; the main factors in determining quality are total 
dissolved solids (TDS), pH, iron, hardness, and nitrates / nitrites (van Heugten, 
2000).   
 Total dissolved solids measure the total concentration of inorganic matter 
dissolved in water.  A level of total dissolved solids that is less than 1,000 parts 
per million (ppm) is safe for consumption, whereas a level over 4,000 ppm can 
be a serious issue causing mild diarrhea or temporary refusal of water by pigs 
(van Heugten, 2000; McGlone and Pond, 2003).   
 An acceptable range of pH levels in groundwater ranges from 6.5 to 8.5 
(van Heugten, 2000).  Corrosion of the water system may result if levels do not 
fall within this range, in addition, delivery of certain vaccines delivered via the 
water supply may not be soluble above or below certain pH levels (van Heugten, 
2000).   
 Iron levels are important in water because they can promote the growth of 
certain bacteria and cause precipitation of iron compounds.  Concentrations of 2 
to 3 ppm may block water flow from nipples while, concentrations of 10 ppm or 
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greater will result in extremely low water intake or refusal to drink (van Heugten, 
2000).   
 Water is labeled “hard,“ when hardness levels are between 120 and 180 
ppm, “very hard” at 180 ppm and “soft” at hardness levels of less than 60 ppm 
(van Heugten, 2000; McGlone and Pond, 2003).  Accumulation of scale in the 
water delivery system is the result of hard water.  To date no risks have been 
seen to affect health or performance.   
 The last factor of water quality are nitrates / nitrites which pigs are 
relatively tolerant to, however, nitrates in the water usually indicate bacterial 
contamination (Sørensen et al., 1994).  These nitrates are then converted to 
more toxic nitrates which can bind to hemoglobin and impair oxygen carrying 
capacity of blood.  An increased level of 300 ppm may be sufficient enough to 
produce enough nitrite to cause toxicity in swine (van Heugten, 2000; McGlone 
and Pond, 2003).  A level of 10 ppm of nitrite is more acceptable (van Heugten, 
2000).     
 
Water Requirements  
Water requirements for pigs are not as well understood as those for other 
nutrients (Brumm, 2001) due to a plethora of factors that can affect the amount 
and type of drinking related behaviors performed by an individual pig.  Such 
factors could be related to the health, behavior and / or physiological state of an 
individual pig, exogenous environmental factors, water and feed intake / quality, 
and production system design (Brooks, 1994; Thacker, 2001).   
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Water is the most essential nutrient for life and an inadequate supply can 
result in devastating consequences such as overheating, dehydration, and in the 
extreme case, death (Almond, 1995; Maynard et al., 1979).  Water is required in 
the largest quantity by pigs (Roubicek, 1969; Varley and Wiseman, 2001; 
McGlone and Pond, 2003) and recommended water requirements for a nursery 
pig weighing up to 27.2 kg is 2.8 liters / pig / day (with a range of 2.5 – 3 liters / 
kg of feed consumed; NPB, 2003).  Water intake is a main factor affecting the 
performance of weaned pigs, and can be estimated at approximately 3:1 (3 liters 
of water / kg of feed) ratio of feed intake (NCSU, 1999).   
 
Drinking Behavior 
 Drinking is defined as voluntary oral ingestion of liquids (Hurnik et al., 
1995) and refers to the total consumption of water; which includes water which is 
often contained in feed (Fraser and Broom, 1997).  Pigs may drink to satisfy their 
physiological need for water and it has been reported that pigs will additionally 
drink to relieve a feeling of hunger (Patience and Engele, 2005).   
 
Methodologies to Acquire Drinking Behavior 
When choosing the type of methodology to describe a behavioral pattern it 
is helpful to distinguish between two fundamental types of behavioral patterns, 
events or states of the animal.  Events are behavioral patterns of relatively short 
duration, while states are behavioral patterns of relatively long duration, such as 
lying (Altmann, 1974; Martin and Bateson, 1986).   
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Drinking is a behavioral event as it is an ingestive behavior that is cyclic in 
its nature and is performed sequentially often with feeding related behaviors 
(McGlone, 1991).  When behavior changes are very rapid, for example drinking 
behavior, video-recording works very well as it possesses the advantage of 
minimizing disturbance to the individual animal (Bigelow and Houpt, 1988; Barber 
et al., 1989; Fraser and Broom, 1997).   
Two sampling methods have been utilized when observing pig behavior, 
continuous and scan sampling.  Continuous sampling works best for the 
experienced observer when only a few behaviors or postures are of interest. The 
behaviors and postures within an ethogram should be mutually exclusive to each 
other (Bart et al., 1998).  Utilizing this methodology an animal or animals are 
watched continuously for a defined time period to acquire duration, latency and 
frequency (Bart et al., 1998).  This method aims to provide an exact and faithful 
record of behavior and postures (Martin and Bateson, 1993).  Continuous all-
animal behavioral sampling can be difficult to perform when observing a high 
number of animals per pen, as it takes a vast amount of time to go through the 
recordings for each individual animal (Arnold-Meeks and McGlone, 1986; 
Mitlöhner et al., 2001)    
Scan sampling is when a whole group of subjects are rapidly scanned at 
predetermined intervals and the behavior / postures for each individual are 
recorded.  Scan sampling is useful in estimating duration of the more common 
activities (standing or lying) as long as the interval between samples is not too 
long (Fraser and Broom, 1997).  Mitlöhner et al. (2001), found that scan sampling 
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techniques with relatively short interval lengths (1, 5, 10, or 15 min) were 
accurate and precise for measuring durations of standing, lying, and feeding 
behaviors but were less precise for drinking and walking behaviors in feedlot 
cattle. 
In addition, rare activities may be missed; one may not be able to 
determine an individual drinking visit (Fraser and Broom, 1997).  The major 
advantage of scan sampling is that it can be used when many individuals are 
scanned so one experienced observer can collect vast information (Fraser and 
Broom, 1997). 
   
Recording Drinking Behavior 
When recording drinking behavior it is sometimes difficult to assess if the 
pig is actually consuming water or just placing its head in or on the drinking 
device, such behavioral observations should be viewed as only a first 
approximation of ingestive behavior (McGlone, 1991).   
Turner et al. (1999) used alternate 5 h blocks of a 24 h period to analyze 
drinking behavior in 640 (36 ± 5.0 kg) growing pigs which provided the duration 
for almost 10,000 drinking visits.  Turner et al. (1999) defined drinking behavior 
as when a pig has its head in the drinker for 5 s or longer; visits less than 5 s 
were not recorded as it was not possible to tell if water had been drawn during 
shorter periods.   
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When observing behavior on a recording device, McGlone (1991) has 
suggested a playback speed that does not exceed four times the speed of real-
time playback when observing behaviors with a short duration, such as drinking. 
 Drinking patterns may be measured along with behavioral measures.  
Drinking patterns are defined as water disappearance, water consumption and 
water wastage which are measured over a specific time period and recorded to 
determine a usage pattern.  These are useful to help pork producers and swine 
veterinarians in an applied setting in regards to predicting if a potential health 
issue is formulating, performance levels, and economics (Brumm, 2006).  A 
distinct pattern within a 24 h period has been seen in water consumption by 
nursery and grow-finish pigs.  Brumm (2006) conducted a water usage trial on 
three wean-finish facilities recording the water usage in 15 minute intervals.  He 
concluded that in thermal-neutral conditions (< 26.7°C) pigs began drinking 
around 0500 h to 0600 h, with a peak in disappearance in early afternoon 
(189.27 l / 15 min) around 1400 followed by a gradual decline at 1600 h where 
drinking leveled off (37.85 l / 15 min.) around 2200 h.  However, once 
temperatures reached (26.7°C or higher) pigs begin to alter their drinking 
patterns and preferred to drink earlier in the day with a morning peak (143.85 l / 
15 min) from 0800 to 0900 h with a gradual decline midday followed by a second 
peak (159 l / 15 min) from 1700 to 2000 h.   
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Factors Affecting Drinking Behavior and Water Intake in the Pig 
 There are a plethora of factors that can impact the quantity and quality of 
drinking related behaviors in the pig as noted prior.  In this section the following 
factors will be discussed in more detail; age, health status of the pig, exogenous 
environmental factors and the number of pigs per drinking resource.  
 
Age 
 The age and stage of production will affect the amount of water needed by 
an individual pig on a daily basis.  Water accounts for roughly 82% of empty body 
weight (whole body weight less gastrointestinal tract contents) for the neonatal 
piglet and decreases slightly to 66% for the average 28 day old nursery pig 
(Georgievskii, 1982).  Weanling pigs will consume approximately 20 kg water 
daily per 100 kg of body weight, while those near market weights consume much 
less, only 7 kg / 100 kg of body weight (NRC, 1981). 
 Younger animals require more water than older animals due to their 
greater surface area of body and lung in comparison to weight (Whittmore, 
1993).  In turn, younger animals have a much larger turnover rate of water than 
do older animals, in relation to live weight, by reason of their proportionally 
greater pulmonary and peripheral losses and their diluted concentration of urine 
(ARC, 1981).  Pigs of different ages spend different percentages of their 
behavioral repertoire engaged in drinking related activities over a 24 h cycle 
(Fraser et al., 1993, Gonyou et al., 1998, and Worobec et al., 1999).  Worobec et 
al. (1999) reported that piglets which are weaned at 7 d of age spent 1.6 ± 0.3% 
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of their time drinking which was greater (but not significantly greater) than the 
piglets weaned at 14 or 28 d of age.  The 7 d old weaned piglets maintained a 
higher drinking rate throughout their six week trial and by week 6 they were 
spending significantly more (P < 0.05)  time (1.5 ± 0.3%) at the drinker than the 
later weaned piglets of 14 and 28 d (0.7 ± 0.3 and 0.7 ± 0.2%). 
 Weaning has been reported by a variety of authors to be a critical stage of 
production that efficient water intake to the individual pig must be ensured 
(Gonyou et al., 1998; Carlson, 2002).  The individual recently weaned nursery pig 
can become dehydrated due to the adaptation of a dry grain-based feed from 
their milk diet (Phillips and Phillips, 1999; Carlson, 2002).   
The process of weaning can be visualized as a process termed, “additive 
stressors” which was proposed by McFarlane and Curtis (1989) and McFarlane 
et al. (1989a; 1989b); and Broom and Johnson (1993).  Over a determined 
period of time, the pig is exposed to one stressor after another and the pig does 
not have time for its body to return to baseline.  Each time a new stressor is 
added the stress response of the pig continues to become more intense.  Such 
stressors could be but are not limited to separation from their dam (Varley and 
Wiseman, 2001), transportation (Lewis, 2007), alterations in housing (Varley and 
Wiseman, 2001), adaptation to new feeding resources and dietary formulation 
(Lewis and Southern, 2001; Varley and Wiseman, 2001), drinking resources 
(Phillips and Phillips, 1999; Weary et al., 2007), and mixing with unfamiliar pigs 
(McGlone and Johnson, 2002).   
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Health Status  
A good indicator of health status among pigs in a pen is the change in the 
daily drinking patterns (Brumm, 2006).  As noted before, a pigs’ diurnal drinking 
pattern remains stable in a healthy state, yet can change when affected by a 
disease or a stressor (Pedersen and Madsen, 2001; Brumm, 2006).  
Observations by swine producers and veterinarians concluded that once daily 
water usage dropped more than 30% from day to day or if water usage was 
severely decreased for three continuous days, this provided evidence of an 
occurring potential health challenge on the production facility (Brumm, 2006).  
Clinical signs that can indicate that pigs are not receiving enough water or are 
choosing not to drink are, dry feces, hollow eyes and dehydrated skin (Carlson, 
2002).  
 Swine diseases can cost the industry millions of dollars a year.  Costs are 
related to veterinary visits, veterinary medicines, vaccines, in-feed medicines, 
loss of product quality, loss of saleable product (Whittemore, 1993).  One such 
costly disease, Ileitis has been reported to afflict 47% of swine units from 2000 to 
2003 (Alberta Pork, 2003) resulting in a loss of $98 million annually (Boehringer 
Ingelheim Vetmedica, 2003).   
 The swine pharmaceutical industries are continually evolving innovate 
ways to administer vaccines to the pig through non invasive routes.  An increase 
in the use of water medication systems has been seen over the past few years 
due to the growing concern of residues in carcass composition (Taylor et al., 
2006).  This production practice has many advantages when compared to 
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injections or in-feed medications (Adam and Voets, 2006; Strachan et al., 2007).  
Medication through water is easily administered to large numbers of pigs and can 
be given in early stages of disease outbreak for immediate prevention and 
control as water intake is usually not decreased during the presence of disease 
as it is with feed intake. Individual pens or whole buildings may be targeted; this 
flexibility decreases the risk of cross-contamination of medication that can occur 
with in-feed medication (Taylor et al., 2006).  Water medication systems can 
supply electrolytes, acidifiers and probiotics in conjunction with antibiotics (Taylor 
et al., 2006).  
 One such vaccine Enterisol Ileitis is a Lawsonia intracellularis vaccine 
used in drinking water to offer protection against proliferative enteropathy (ileitis).  
Enterisol Ileitis is an attenuated live culture with a finite survivability in stock 
solution.  Label recommendations for Enterisol Ileitis instruct to: “provide 
sufficient watering space so that all pigs can drink within a 4 h time frame.” 
(Boehringer Ingelheim Vetmedica Inc. 2003).  Therefore, the vaccine should be 
administered during a defined time period (4 – 6 h) when the greatest percentage 
of pigs are most likely to have a drinking visit.   Due to the finite survivability in 
stock solution of the vaccine, it is also desired that the vaccine be administered 
over the shortest possible period.  Therefore, it is critical for swine producers, 
animal health companies and veterinarians to understand temporal drinking 
patterns of the pig for application of such a vaccine on the farm.  
One previous pilot study conducted by Elder et al. (2006) showed that 6 h 
was required for 100% of 7 week old nursery pigs in a pen to visit the drinker at 
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least once.   The authors observed drinking behavior continuously from 0700 to 
1000 over three consecutive days.  The starting times of the observations 
coincided with time periods when water based vaccination might begin on-farm.  
The pilot study results indicate that regardless of starting time, the percentage of 
pigs having visited the drinker within a 2 h window ranged from 81 to 98% over 3 
d.  Within 4 h the range was 94 to 100%.   At least 6 h was required for 100% of 
the pigs to have visited the drinker at least once regardless of day.  These study 
results support the need for producers to administer Enterisol Ileitis over a 4 – 6 
h period to ensure that 100% of all nursery pigs have ample opportunity to visit 
the drinker for at least a 5 s drinking visit.   If the vaccine administration time is 
insufficient, and a few pigs in each pen do not have a drinking visit, there will be 
a subpopulation of pigs going through grower-finisher production without the 
necessary protection against ileitis.   
 The type of drinking device may be essential in administering medication 
via drinking water.  Brumm and Heemstra (1999) found bowl drinkers resulted in 
a 24.8% reduction in water usage and medication expenses were reduced by 
50% when administering sulfadimethoxine through bowl drinkers vs. swinging 
nipple drinkers.  
 
Exogenous Environmental Factors 
A pig’s water requirements are related to environmental temperatures.  A 
pig’s thermoneutral zone varies with age, size and nutritional status.  
Recommended thermal conditions in the United States for a nursery pig (13.7 to 
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34.0 kg) is between 18.3 and 26.6 °C (NPB, 2003).  While in the EU weaned pigs 
(3 – 4 weeks of age) require temperatures between 27 and 32 °C and later 
weaned pigs (+5 weeks of age) require temperatures between 22 and 27 °C 
(DEFRA, 2003). 
 Brumm (2006) cited that the daily drinking needs in warm conditions for 
pigs range between 1.89 liters / pig / day for newly weaned piglets to greater than 
5.68 liters / pig / day for grow-finish pigs using nipple waterers, while grow-finish 
pigs using bowl / cup drinkers or wet / dry feeders generally use less water, 
averaging just over 3.79 liters / pig / day.  
 
Ratio of Pigs to a Drinker 
Manufacturers of bowl drinkers recommend that there be no more than 20 
to 25 pigs per drinker, while up to 12 pigs per feeder space are recommended for 
wet / dry feeders (Brumm, 2001).  The current drinker to nursery pigs ratio 
guideline (drinker: pigs) in the UK is 1:15 (DEFRA, 2003) while in the US it is 
1:10 (MWPS, 1983).  However, a ratio of 1:25 is more typical in US pork 
production.  Having too few drinkers per pen can reduce water availability, 
particularly to sub dominate pigs.  Farm animals form a social hierarchy or rank 
order that can affect accessibility to key resources within their pen (Bouissou, 
1965).  In competitive situations, higher ranked animals might have more access 
to water, where a lower ranking animal might have more accessibility success to 
obtain water when desired if the producer considers the placement strategy of 
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drinkers within a pen and / or the ratio of drinkers to pigs (Anderson and 
Lindgren, 1987).  
 Group size and space has been shown to affect pig behavior.  
Commercial farms in the US typically house pigs in large groups.  Space 
recommendations for nursery pigs (13.6 – 27.2 kg) in totally enclosed housing 
ranges from 0.9 – 1.2 m2 / pig.   After 27.2 kg pigs the industry recommends 1.5 
m2 / pig (NPB, 2003).  Turner et al. (1999) conducted a trial on the influence of 
group size on drinking behavior on two groups of pigs (60 vs. 20 pigs) with a 
space allowance of 0.51 m2 per pig.  They found that water usage was higher (P 
< 0.001; 5.04 vs. 3.66 ± 0.23 l / pig / d) when pigs were housed in larger groups; 
while larger group size also decreased (P = 0.01) total drinking time per pig (1.2 
vs. 1.6 ± 0.15 visits / h).  Small groups often performed slightly longer drinking 
visits when compared to larger groups (25 vs. 22 ± 1.8 s).  Large group was also 
associated with greater (P < 0.05) drinker related aggression when compared to 
smaller groups (7.1 vs. 4.0 ± 1.35%).  Aggressive drinking visits in large groups 
could be attributed to the drinker to pig ratio.  There were 60 pigs and only 3 
drinking sources.  It was conducted by the authors that insufficient drinker access 
most likely promoted drinking during less favorable times when the pigs would 
normally be participating in resting behavior.  
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Water Systems and Pen Design to Enhance Drinking Behavior 
Trouble Shooting; Management of the Drinking System  
 Many physical or facility factors can attribute to a reduction in water intake.  
For example, the water source being mistakenly shut off, pipes becoming  
blocked or frozen or accumulation of hard water scale, rust, and microbial 
contaminants (Lewis and Southern, 2001).  Furthermore, inadequate flow (BPEX, 
2005), drinker height or angle (Li et al., 2005), drinker to pig ratio (Sadler et al., 
2007), drinker location (Carlton, 2003), and maintenance ability can affect a pig’s 
ability to drink a sufficient amount of water (Lewis and Southern, 2001; McGlone 
and Pond, 2003).  
 
Flow Rate 
 Water flow rate requirements for a nursery pig are 2.7 l / pig / d with a flow 
rate of 32.9 s / l (NPB, 2007).  Inadequate flow is associated with material, such 
as sediment blocking the lines and if too high of flow exists pigs may be 
discouraged from drinking (BPEX, 2005).  The EU and Australia mandate that 
waters must be checked once daily to ensure the health and well-being of the 
animal (DEFRA, 2003; APL, 2007).  The reasons for this frequent observation is 
that a decreased water flow can be detrimental to the health of the animal, while 
too high of a flow rate can become a waste problem (Carlton, 2003).  Insufficient 
water intake in the nursery phase greatly affects growth and performance in 
future stages of life in the nursery pig (Carlton, 2003). 
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 To help producers determine appropriate water flow rates are in place 
recording devices are being implemented.  Water recording devices have 
increased awareness between drinking water usage and animal health 
(Pedersen and Madsen, 2001).  Recording water intake and disappearance has 
a vast advantage over recording feed disappearance, as water is always 
available as long as the facility is maintained, while feed could be limited due to 
empty feeders or equipment failures (Brumm, 2001).  Water meters (DLJ-hose 
Bibb water meter) can be installed on the water line to each pen in order to 
record water volume to each pen.   
 
Drinker Height and Angle  
 Nipple waters should be set at pig mid-shoulder height or slightly higher 
according to the size of the pig.  For a 5.4 to 13.6 kg nursery pig the height set 
for the nipple water should be between 15.2 and 30.5 cm and 30.5 to 45.7 cm for 
pigs weighing 13.6 to 34.0 kg (ISU, 1992; McGlone and Pond, 2003).  These 
height recommendations are appropriate for nipple drinkers mounted at a 90 
degree angle. When mounting brackets at a 45 degree angle, increased heights 
are necessary for the pig to manipulate the drinker.  If swinging drinkers are 
implemented, they should be 5.0 to 7.6 cm above the back of the pig and 
readjusted every two to three weeks as the pigs’ age.   
 Drinkers that are positioned too high can restrict water intake especially 
for the smaller pig.  Drinkers positioned too low mostly result in water wastage 
problems because pigs aren’t able to properly manipulate the device.  Incorrect 
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angles cause access problems along with water wastage and if not corrected 
over time, pigs can develop facial distortions (Carlton, 2003).  Inadequate angles 
increase the time spent at the drinker and decrease the lifespan for the 
effectiveness of the waterer.  
 In 2000, Li and Gonyou compared pigs (53 ± 5 kg and 72 ± 5 kg) to 
determine water intake and wastage at nipple drinkers.  The nipple drinker in 
each pen was 5 cm higher than the shoulder height of the smallest pig.  Daily 
feed intake, water intake, and water wastage in each pen were measured at a 
nipple flow rate of approximately 700 ml / min.  Drinking speed and waste 
spillage was assessed for 4 pigs in each pen after withholding water for 4 h with 
nipple flow rates of 651, 1003, 1226, and 2080 ml / min.  Daily feed intake was 
not different (P = 0.09) between the two stages of pigs.  Water intake 
(disappearance and wastage) of the growers and finishers were 4.0 and 5.4 liters 
/ day.  When expressed in terms of feed intake, water intakes at the two stages 
were identical.  Water wastage was 1.3 and 1.9 l / d for both groups accounting 
for the 25% of the total water disappearance for both.  Drinking speed of pigs 
was increased to 1422 ml of actual water intake / min at the nipple flow rate of 
2080 ml / min.  Although the pigs increased drinking speed, water spillage was 
higher at the high flow rate than at the low flow rate (23.2% at 2080 ml / min vs. 
8.6% at 650 ml / min).  Li and Gonyou (2000) and Li et al. (2005) concluded that 
water wastage can be reduced by properly adjusting nipple height and flow rate.   
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Drinker Design, Type and Location 
 Several different types of drinkers are implemented in the US swine 
industry such as cup waterers, bite drinkers, nipple drinkers, nose drinkers, 
troughs, and wet feed systems (Gill and Barber, 1990).  Brumm (2001) reported 
that wet / dry feeders and bowl drinkers had lower water: feed ratios (2.11: 1; kg 
of water per kg of feed disappearance) when compared to gate-mounted nipple 
drinkers which had higher water: feed ratios (3.35: 1) in nursery pigs (18.1 to 
25.0 kg).  Across pens that had similar performance, Brumm (2001) concluded 
that the water: feed ratio differences found between drinkers is due largely to the 
wastage in water instead of the amount of water being consumed.   
The type of drinker implemented should be suitable for the age and size of 
the pig while providing water at an appropriate flow rate and pressure, poor 
drinking position, increased water wastage and drinking time will result if the 
proper type is not used (Li et al., 2005). 
 Drinker types may have the ability to affect certain drinking behaviors in 
the nursery pig.  Torrey and Widowski (2004) compared nipple drinkers to bowl 
drinkers in 352 pigs (14.53 ± 0.78 d old) and reported that drinker type influenced 
water use (P < 0.001) with pigs in nipple drinker pens using more water than pigs 
in bowl drinker pens (1.88 ± 0.17 l / d vs. 0.85 ± 0.05 l / d).   
 Drinker location is essential to maximize availability and consumption of 
water.  Deligeorgis et al. (2006) investigated the effect of drinker location (front 
right, front left, back right or back left) within the farrowing stall in relation to the 
microenvironment and how it altered the drinking behavior of newborn pigs for 
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the first 2 d after parturation.  Newborn piglets visited the drinker more (P < 
0.001) during the day rather than during the night and piglets preferred the 
drinkers that were positioned front right and back right (where the heat lamp was 
situated).  
 Some common “problem” areas in a pen can include drinker location and 
maintenance ability (Carlton, 2003).  Waterers should be located away from 
anything that may cause difficult accessibility for the pig; such areas include 
drinkers placed too close to each other, a wall, or too close to the feeder can 
cause one or more pigs to dominate the drinker (Carlton, 2003).  Spacing 
between waters when using more than one per pen is 30.48 cm apart for nursery 
aged pigs (ISU, 1992; McGlone and Pond, 2003).  Waterers should be located in 
an area free of incoming air to prevent freezing of pipes.  Leaking drinkers can 
result in wastage of water causing wet lying areas and increased disease 
incidence (Carlton, 2003).  In addition, it is wise to monitor the dunging areas of 
the pens and avoid water bowl placement in that area.  Pedersen (1989) reported 
that pigs avoided drinking water that has been fouled by feces.  
  
Conclusions 
 Water functions, water quality, and water requirements are all essential to 
the well-being of the individual pig.  It has been stated by numerous authors that 
water is the “forgotten nutrient.”  Yet, water requirements for all stages of pig 
production, the specifics to optimize water delivery to the pig, water resource 
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location within the home pen and the ratios of pigs to the drinking resource are to 
date limited.   
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CHAPTER 2. DRINKING BEHAVIOR OF SEVEN WEEK OLD PIGS 
WHEN WATER IS EITHER WITHHELD OR PROVIDED AD 
LIBITUM 
 
A paper to be submitted to The Journal of Swine Health and 
Production (JSHAP) 
 
C. J. Jackson1,2,3, L. A. Karriker4, K. J. Stalder1, and A. K. 
Johnson1,5,6 
 
Abstract 
The objectives of this study were to determine the number and length of 
drinking visits and water disappearance for seven week old pigs when water was 
either withheld or not withheld for 15 h over two consecutive days.   
Detailed information on the pigs’ temporal drinking patterns is essential 
when delivering water based health products because there is a risk that not all 
pigs will visit the drinker adequately and hence, may not have received sufficient 
vaccine or antibiotics required to protect the animal. 
A total of 194 seven week old PIC (USA) pigs, weighing 22.98 ± 5.38 kg 
were housed in single sex pens in a commercial nursery facility.  Conventional 
nursery pens had Tenderfoot™ flooring and all pigs had ad-libitum access to a 
corn-soy diet.  Water was delivered through a single stainless steel nipple-cup 
drinker.  Lights were turned on at 0700 h and off at 1600 h.  Two treatments were 
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compared; treatment one; withheld (WH; n = 4), pigs did not have access to 
water for 15 h and treatment two, control (CONT; n = 4) pigs had continuous ad 
libitum access to water.  One day prior to visual recording of drinking behavior, all 
pigs in a pen were identified with an individual number.  One 12 V black and 
white CCTV camera was positioned over each nipple-cup drinker and drinking 
behavior was recorded from 0700 to 1300 h over two consecutive days onto a 
DVR at 1 frame per second.  The acquisition of drinking behavior (defined as the 
pig having its head in the nipple-cup drinker for 5 s or longer) was obtained by 
experienced observer who viewed the recordings using 24 h mode (1 frame / s) 
on the Observer software.   
Water meters (DLJ-hose Bibb® water meter) were installed on the water 
line to each pen in order to record water volume to each pen (both control and 
treated individual pens).  Water usage within all pens was recorded at 0700, 0800, 
0900, 1000, 1100 and 1200 h, respectively.  
The experimental unit was the nursery pen and the total number of visits, 
visit lengths and water disappearance were analyzed using the PROC MIXED 
procedure of SAS.  All pigs from both treatments visited the nipple cup drinker at 
least once for 5 s or more over the 6 h period.  Total number of drinking visits 
differed (P = 0.0007) with CONT pigs having fewer total visits to the nipple cup 
drinker when compared to their WH counterparts.  Number of drinking visits to 
the nipple cup drinker per hour differed (P = 0.0001) for the first hour (0700) after 
water was made available between WH and CONT treatments, respectively.  For 
all other hours there were no (P > 0.05) differences.  Total length of drinking 
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visits over 6 h differed (P = 0.0183) with CONT pigs spending less time at the 
nipple cup drinker when compared to their WH counterparts (106.64 ± 17.96 vs. 
175.80 ± 17.91total visits).  Length of time spent at the nipple cup drinker differed 
(P = 0.0001) at 0700 with WH spending longer than their CONT counterparts.  
For all other time periods there were no (P > 0.05) differences.  WH pigs had a 
greater (P < 0.05) water disappearance over the observation period compared to 
their CONT counterparts.   
In conclusion, manipulating water access for a period of 15 h, affected the 
number and length of drinking visits to the nipple cup drinker over a 6 h period, 
with WH pigs spending longer at the water resource and visiting more often than 
their CONT counterparts.  Upon breaking each hour down respectively the 
differences were noted in the first hour (0700) when water was made available 
again.  After 60 minutes of water availability there were no differences in the 
number of visits or length of time spent at the nipple cup drinker for each 
treatment respectively.  In addition water disappearance over the observational 
period was greater for pigs that had water withheld compared to pigs that were in 
the ad libitum treatment.   
 
Introduction 
 Detailed information on the pigs’ temporal drinking patterns becomes 
essential when delivering water based health products to the pig because there 
is a risk that not all pigs within a pen will visit the drinker adequately and hence, 
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may not receive sufficient vaccine or antibiotics required to offer them protection 
(Brooks, 1994; Brumm, 2006).   
 One health product that is delivered in the pigs’ drinking water is 
Enterisol Ileitis, a Lawsonia intracellularis vaccine.  Enterisol Ileitis provides 
protection against proliferative enteropathy (ileitis), a disease that has been 
estimated to cost the US swine industry $98 million annually (Boehringer 
Ingelheim Vetmedica, 2003).  Labeled recommendations for this product indicate 
that the vaccine should be provided to pigs for a “minimum of four hours”.  
Therefore, if a sub population of pigs does not visit the drinker when the vaccine 
is being delivered; there is a risk that these pigs might move into the grow-finish 
production phase without the necessary protection against ileitis.   
Limited research has evaluated drinking visits (Turner et al., 1999) and 
water disappearance in nursery (Edler et al., 2006; Johnson et al., 2006) and 
grow-finish pigs (Li et al., 2005).  There are guidelines for producers which 
address the amount of water needed during different stages of growth (Brooks, 
1994; NPB, 2003; Thacker, 2001).  Recent work has begun to investigate the pig 
to water resource ratio, (Sadler et al., 2007) and the types of water delivery 
systems when providing oral vaccines to the nursery pig (Adam and Voets, 2006; 
Strachan et al., 2007).  In addition work has been completed which details the 
impact on the recently weaned pig well-being (Torrey and Widowski, 2006). 
 A pilot study was conducted in 2005 that concluded that if you theoretically 
began vaccine treatments at 0700, 0800, 0900 or 1000, 100% of nursery aged 
pigs in a pen took at least one 5 s or longer drinking visit over a 3 d period 
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(Johnson et al., 2006).  In addition to the acquired knowledge on temporal 
drinking patterns of the pig, combining innovative, management techniques to 
strategically manipulate both the number and length of drinking visits may 
enhance and ensure that all nursery aged pigs drink within vaccine labeled 
recommendations.   
The objectives of this study were to determine the number and length of 
drinking visits and water disappearance for seven week old pigs when water was 
either withheld or not withheld for 15 h over two consecutive days.   
 
Material and Methods 
Animals and Location 
The project was approved by the Iowa State University Animal Care and 
Use Committee.  A total of 194 PIC (USA) (49 ± 4 d) pigs, weighing 22.98 ± 5.38 
kg were used.  Research was conducted over 2 d in May 2006 at a commercial 
nursery facility with climate control. 
 
Diets, Housing and Husbandry 
Each nursery pen measured 1.52 x 3.66 m, providing 0.22 m2 / pig.  Steel 
penning dividers were 3.57 m length x 90 cm height.  Tenderfoot™ flooring was 
utilized in all pens and pigs had ad-libitum access to a corn-soy diet (3264 kcal 
and 20% CP) formulated to meet or exceed NRC requirements (NRC, 1998).  
Diets were provided through a five hole stainless steel feeder measuring 10.16 
cm deep x 74.30 cm high x 76.84 cm length that had a pelleted feed capacity of 
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58.50 kg.  Lights were turned on at 0700 h and off at 1600 h which provided a 
9:15 Light: Dark cycle respectively.  Farm personnel observed all pigs twice daily 
at 0700 and 1530 h.  Each pen contained one stainless steel nipple-cup drinker 
that measured 12.70 cm deep x 30.48 cm high x 20.32 cm wide (Farmweld 
DRIK-O-MAT®, IL).   
 
Climatic Measurements 
Climatic parameters were recorded with four data loggers (Hobo Pro 
series, Janesville, WI).  Hobos were suspended over two nursery pens at a 
height of 1 m from the floor.  Ambient temperature (oC) and relative humidity 
(RH%) were recorded in 10 min intervals.  All climatic measures were averaged 
to determine daily maximum and minimum values for each day of the study 
(Table 2.1).  
 
Treatments 
Eight pens containing 23 pigs / pen (four barrow and four gilt pens) were 
used during the trial.  Two treatments were compared; treatment one; withheld 
(WH; n = 4), defined as a pen of nursery aged pigs that had no access to water 
for 15 h.  Water was prevented from flowing to the nipple bowl drinker using a 
two way 1.91 cm polyvinyl chloride butterfly valve attached to the water line 
supplying each pen (United States Plastic Corporation®).  Treatment two, control, 
(CONT; n = 4) defined as a pen of nursery aged pigs that had ad libitum access 
to water.   
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Pigs were randomly assigned to pens and blocked by sex.  A cross over 
design of treatments was utilized where by all pens were both a treatment and a 
control at different periods during the trial (Figure 2.1).   
 
Behavioral Equipment and Acquisition 
To prevent social facilitation of drinking related behaviors across pens with 
different treatments, three 1.2 m high x 2.40 m wide plywood sheets were cut to 
fit and secured to the pen dividers using heavy duty plastic ties (Mount et al., 
1971; Yang et al., 1981; Hsia and Wood-Gush, 1984; Bigelow and Houpt, 1998).  
One day prior to visual recording of drinking behavior, all pigs in a pen 
were identified with an individual number placed between the scapulas using an 
animal safe crayon (Raidex™ Animal Marking Crayons, Otterbach Company, 
Germany).  One 12 V black and white CCTV camera (Model WV-CP484, 
Panasonic Matsushita Co Ltd., Japan) was positioned over each nipple cup 
drinker and recordings were made from 0700 to 1300 h onto a DVR (RECO-204) 
Darim Vision®, USA) at 1 frame / s.  
The acquisition of drinking behavior was collected by one experienced 
observer who viewed the DVD’s using a 24 h mode (1 frame / s) and recorded 
observational data using Observer software (The Observer, Ver. 5.0.25 Noldus® 
Information Technology, Wageningen, The Netherlands). 
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Behavioral Measures 
Drinking related behaviors from all pigs were individually collected.  A pig 
was considered to be drinking when its head was in the nipple-cup drinker for 5 s 
or longer (Turner et al., 1999).   
The time it took for each individual pig to make that first visit of 5 s or 
longer to the nipple cup drinker was determined.  In addition, the number of visits 
and the duration of time spent at the nipple cup drinker (equal to or greater than 
5 s) were collected.  Drinking was defined as each time the pigs head was in and 
terminated when the pigs head moved out of the nipple cup drinker.  
Drinking behavior was expressed on an hourly basis and also in three two 
hour time blocks.  Therefore, for 0700 this equates to a recorded time beginning 
at 0700 and ending at 07:59:59 respectively.  For the three time blocks (B1, B2 
and B3) equates to hourly time blocks summed together, therefore, B1 summed 
0700 – 08:59:59, B2 summed 0900 – 10:59:59, and B3 summed 1100 – 12:59:59 
respectively.  
 
Water Flow Rates and Disappearance 
Water flow rates met industry flow standards (NPB, 2007).  Water meters 
(DLJ-hose Bibb® Daniel L. Jerman Co., Hackensack, NJ) were installed on 
individual water lines that went to each pen in order to record water 
disappearance from each pen (both control and treated individual pens).  Water 
usage within all pens was recorded at 0700, 0800, 0900, 1000, 1100 and 1200 h, 
respectively.  
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Statistical Analysis 
The experimental unit was the nursery pen.  The number of visits and the 
duration of visits made by each individual pig were evaluated through Observer.  
Any visit less than 5 s in duration was not included in the final analysis. 
The data was sorted by day, pig and hour and the total number of visits to 
the cup nipple drinker and the total time spent drinking for each individual pig 
over each hour was calculated.  The total number of visits and visit lengths on an 
hourly and block basis were analyzed using the PROC MIXED procedure of SAS 
(2007; SAS® Inst. Inc., Cary, NC) software for parametric data on a pen basis.  
The model included day (one or two) treatment (control or water withholding), sex 
(barrows or gilts) and all interactions.  All pigs in a pen were weighed the day 
before the trial began and this body weight (kg) was used as a linear covariate.  
Pen nested within treatment and day was included as a random effect in the 
model.  Non-significant (P > 0.05) main effects (sex and day) and interactions 
were removed from the final model.   
Descriptive results for the number of visits over the observational 6 h 
period (0700 to 1300), divided down into categories of 1 to 5, 6 to 10, 11 to 15, 
16 to 20 and 21 or more visits on an individual pig basis.  In addition the length of 
time (s) was also descriptively presented with the category lengths as follows; 5 
to 30, 31 to 60, 61 to 90, 91 to 120 and 121 or more s respectively.  These 
categories were formed post hoc after graphing the data. 
For accumulative water disappearance the model included the main 
effects of treatment, sex and day.  Two-way and three-way interactions were not 
 41 
sources of variation (P > 0.05) and were removed from the final model before 
analysis.  Pen nested within treatment and day was included as a random effect 
in the model. 
 
Results 
Behavioral Measures 
Percentage of nursery pigs that had a drinking visit at the nipple cup 
drinker is presented in Table 2.2, during each individual h (0700 to 1300) and in 
three, 2 h time blocks.  All pigs from both the WH and CONT treatment groups 
visited the nipple-cup drinker at least once within the 6 h over the 2 d period.  
Total number of drinking visits over 6 h differed (P = 0.0007) with CONT 
pigs having fewer total visits to the nipple cup drinker when compared to their 
WH counterparts (10.06 vs. 14.98 ± 0.77 total visits).   
Number of drinking visits to the nipple cup drinker per hour differed (P = 
0.0001) for the first hour (0700) after water was restored between WH and CONT 
(4.46 vs. 1.96 ± 0.26 visits) respectively.  There was a trend (P = 0.06) for a 
greater number of visits to the nipple cup drinker with WH being greater than 
CONT.  For all other hours there were no (P > 0.05) differences for the number of 
visits to the nipple cup drinker (Table 3).  During the first time block  (B1) the two 
treatment groups differed (P = 0.0006) in the number of visits to the nipple-cup 
drinker (8.00 vs. 4.34 ± 0.56 visits) for the WH versus the CONT groups but for 
the other time blocks there were no (P > 0.05) differences.   
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Total length of drinking visits over 6 h differed (P = 0.0183) with CONT 
pigs spending less time at the nipple cup drinker when compared to their WH 
counterparts (106.64 ± 17.96 vs. 175.80 ± 17.91 s).   
Number of visits made to the nipple cup drinker differed (P = 0.0006) 
during B1 with WH making more visits (4.34 vs. 8.00 ± 0.56) when compared to 
their CONT counterparts.  For the two other time blocks there were no 
differences (P > 0.05; Table 2.3).  Number of visits made by nursery pigs to the 
nipple cup drinker over the 6 h period resulted in the CONT pigs making fewer 
visits in the 21 or more category when compared to the WH pigs (6% vs. 21%; 
Figure 2.2). 
Total length of time spent at the nipple cup drinker differed (P = 0.0001) at 
0700 with WH spending longer than their CONT counterparts (64.44 ± 4.02 vs. 
18.08 ± 4.04 s).  For all other time periods there were no (P > 0.05) differences 
(Table 4).  During the first time block (B1) the two treatment groups differed (P = 
0.0009) in the length of time spent at the nipple cup drinker (104.73 ± 9.75 vs. 
44.57 ± 9.77 visits) for the WH versus the CONT groups but for the other time 
blocks there were no (P > 0.05) differences.  Sixty-four percent of the WH pigs 
spent 121 s or greater at the nipple cup drinker over the 6 h time period 
compared to 26% for the CONT pigs (Figure 2.3).   
 
Water Disappearance 
WH pigs had a greater (P < 0.05) water disappearance over the entire 
observation period compared to their CONT counterparts (Table 2.5).  Overall 
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water disappearance over the 6 h observational period was 0.62 vs. 1.37 ± 1.00 l 
/ pig (P = 0.0017) for CONT versus WH pigs respectively (Table 2.5).   
 
Discussion 
 It has been reported that water can be a limiting nutrient for pigs at all 
stages of growth, (McGlone and Pond, 2003) but in particular water requirements 
and thus limitations are greater per kg of body weight for the neonatal and 
nursery pig (Whittemore, 1993). 
 Water is essential for all aspects of the growing pig’s life.  It helps maintain 
regulatory systems and it is directly tied to health (McGlone and Pond, 2003).  
Recently, questions have arisen on the administration of vaccines through the 
pig’s drinking water by swine veterinarians, pig health companies and producers.  
These questions center on the length of time (h) that vaccines need to be 
administered to the pig. 
 In addition to the management strategies, well-being questions arise in 
regards to withholding a vital resource to the nursery pig, although no peer 
review studies have addressed how long a nursery aged pig can be withheld 
before this impacts their well-being.   
 From the present study, 100% of the pigs from both treatment groups 
visited the nipple cup drinker over the observed period.  In addition, the first hour 
following pen water supply restoration results in an increased number of visits 
(23% vs. 6%) and duration of time (64 vs. 26%) spent at the nipple cup drinker.  
After that first hour, differences were not detectable.    Water disappearance over 
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the 6 h period resulted in more water (l / pig) being used in the WH group versus 
the CONT (1.37 vs. 0.62 ± 1.00 l / pig).  Physiological mechanisms that 
compensate for hydration status were not assessed and therefore the difference 
in total water consumption between WH and CONT groups should not be 
interpreted as conclusive evidence of comprised well-being.  
In conclusion, manipulating water access for a period of 15 h, affected the 
number and length of drinking visits to the nipple cup drinker over a 6 h period, 
with WH pigs spending longer at the water resource and visiting more often than 
their CONT counterparts.   
Upon breaking each hour down respectively the differences were noted 
only in the first hour (0700) when water was made available again.  After 60 min 
of water restoration there were no differences in the number of visits or length of 
time spent at the nipple cup drinker for each treatment respectively.  When 
withholding water to implement vaccinations it is important to note after the first 
hour of water availability no differences between the WH and CONT pigs in 
respect to number of visits and duration of length at the nipple cup drinker were 
revealed.  However, regardless of the treatment group all pigs visited the nipple 
cup drinker within the 6 h observational period.   
Therefore, withholding water over a 15 h period to ensure that all nursery 
pigs receive sufficient vaccine is not needed and may warrant extra attention for 
the management on production sites, as far as making sure the water gets turned 
on after the withholding period. 
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Table 2.1 Weather measurements for the 
commercial nursery, May, 2006 
  Day 
Parameter  One Two 
Air temperature, oC    
Minimuma   24.81 27.34 
Maximumb   27.58 28.76 
Average units  26.19 28.76 
Relative humidity, %    
Minimumc   33.15 48.34 
Maximumd   49.65 61.69 
Average   40.08 54.46 
aAverage minimum daily temperature, oC.  
bAverage maximum daily temperature, oC.   
cAverage minimum relative humidity, %. 
dAverage maximum relative humidity, %. 
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Table 2.2 Descriptive percentages of the time (h) for seven week old pigs to 
make a first visit of 5 s or longer to the nipple cup drinker after undergoing a 
water withholding period of 15 h or having ad libitum access to water over two 
consecutive days in May 2006.  
  Hour Time block 
Day Treatment 7 8 9 10 11 12 B1 B2 B3 
1 CONT 78 91 96 96 96 100 91 96 100 
 WH 100 100 100 100 100 100 100 100 100 
 WH 96 100 100 100 100 100 100 100 100 
 CONT 92 100 100 100 100 100 100 100 100 
 CONT 56 87 100 100 100 100 87 100 100 
 WH 100 100 100 100 100 100 100 100 100 
 WH 92 100 100 100 100 100 100 100 100 
 CONT 76 92 100 100 100 100 92 100 100 
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Table 2.2 Continued. Descriptive percentages of the time (h) for seven week old 
pigs to make a first visit of 5 s or longer to the nipple cup drinker after undergoing 
a water withholding period of 15 h or having ad libitum access to water over two 
consecutive days in May 2006.  
  Hour Time block 
Day Treatment 7 8 9 10 11 12 B1 B2 B3 
2 WH 91 100 100 100 100 100 100 100 100 
 CONT 84 100 100 100 100 100 100 100 100 
 CONT 63 79 83 100 100 100 79 100 100 
 WH 96 100 100 100 100 100 100 100 100 
 WH 96 100 100 100 100 100 100 100 100 
 CONT 79 96 100 100 100 100 96 100 100 
 CONT 100 100 100 100 100 100 100 100 100 
 WH 96 96 96 96 96 100 96 96 100 
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Table 2.3 Least square means and standard errors for the main effect on CONT 
versus WH for the number of drinking visits to a nipple cup drinker of 5 s or 
longer over a 6 h observational period made by 7 week old pigs over two 
consecutive days in May 2006.  Pen nested within treatment and day was 
included as a random effect in the model.  Body weight (kg) was used as a linear 
covariate.  
 Treatment  
Hour CONT WH P-values 
0700 1.96 ± 0.26 4.46 ± 0.26 0.0001 
0800 2.38 ± 0.39 3.53 ± 0.39 0.06 
0900 1.08 ± 0.14 1.33 ± 0.14 0.20 
1000 1.16 ± 0.16 1.28 ± 0.16 0.57 
1100 1.66 ± 0.22 2.08 ± 0.22 0.20 
1200 1.85 ± 0.25 2.2 ± 0.25 0.32 
Time block CONT WH P-values 
B1 4.34 ± 0.56 8.00 ± 0.56 0.0006 
B2 2.23 ± 0.24 2.62 ± 0.24 0.28 
B3 3.49 ± 0.34 4.32 ± 0.34 0.11 
 53 
Table 2.4 Least square means and standard errors for the main effect on CONT 
versus WH for the length of drinking visits to a nipple cup drinker of 5 s or longer 
over a 6 h observational period made by 7 week old pigs over two consecutive 
days in May 2006.  Pen nested within treatment and day was included as a 
random effect in the model.  Body weight (kg) was used as a linear covariate.  
 Treatment  
Hour CONT WH P-values 
0700 18. 08 ± 4.04 64.44 ± 4.02  0.0001 
0800 26.49 ± 6.20 40.31 ± 6.19 0.14 
0900 12.42 ± 2.52 15.16 ± 2.51 0.46 
1000 12.16 ± 2.55 14.19 ± 2.55 0.24 
1100 16.81 ± 2.44 20.25 ± 2.43 0.34 
1200 20.68 ± 4.37 21.43 ± 4.36 0.10 
Time block CONT WH P-values 
B1 44.57 ± 9.77 104.73 ± 9.75 0.0009 
B2 24.57 ± 4.05 29.40 ± 4.03 0.41 
B3 37.46 ± 5.57 41.71 ± 5.56 0.60 
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Table 2.5 Least square means and standard errors for the main effect on CONT 
versus WH for the accumulation (liters per pig) of water usage from a nipple cup 
drinker of 5 s or longer over a 6 h observational period made by 7 week old pigs 
over two consecutive days in May 2006.  Pen nested within treatment and day 
was included as a random effect in the model.   
 Treatment  
Hour CONT WH P-values 
0700 to 0800 0.11 ± 0.03 0.58 ± 0.03 <0.0001 
0700 to 0900 0.32 ± 0.07 0.93 ± 0.07 0.0007 
0700 to 1000 0.41 ± 0.08 1.03 ± 0.08 0.0015 
0700 to 1100 0.48 ± 0.08 1.14 ± 0.08 0.0008 
0700 to 1200 0.62 ± 1.00 1.37 ± 1.00 0.0017 
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Figure 2.1 Schematic diagram for the allocation of treatments over two days in May 2006.  
  Day One 
Treatment Pens 1600 to 6:59:59 0700 to 12:59:59 1300 to 15:59:59 
Control 1, 4, 5, 8 Water available 
Water available; behavior 
collected 
Water available; behavior not 
collected 
Withheld 2, 3, 6, 7 
Water withheld 
(15 h) 
Water available; behavior 
collected 
Water available; behavior not 
collected 
  Day Two 
Treatment Pens 1600 to 6:59:59 0700 to 12:59:59 1300 
Control 2, 3, 6, 7 Water available 
Water available; behavior 
collected End of trial 
Withheld 1, 4, 5, 8 
Water withheld 
(15 h) 
Water available; behavior 
collected End of trial 
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Figure 2.2 Descriptive percentages for the number of visits for seven week old pigs 
that were 5 s or longer to the nipple cup drinker after undergoing a water withholding 
period of 15 h or having ad libitum access to water over two consecutive days in 
May 2006.  
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Figure 2.3 Descriptive percentages for the length of visits for seven week old pigs 
that were 5 s or longer to the nipple cup drinker after undergoing a water withholding 
period of 15 h or having ad libitum access to water over two consecutive days in 
May 2006. 
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CHAPTER 3. DRINKER TO NURSERY PIG RATIO: EFFECTS ON 
DRINKING BEHAVIOR AND PERFORMANCE 
 
A paper to be submitted to the Journal of Animal Science (JAS) 
 
C. J. Jackson1, 2, 3, K. J. Stalder1, L. J. Sadler1, R. A. Edler4, J. T. 
Holck4, P. R. DuBois5, L. A. Karriker6, 
and A. K. Johnson1, 7, 8 
 
 
Abstract 
The objectives of this study were (1) to determine pig drinking behaviors and 
their preference for a water bowl drinker location within a nursery pen (2) to calculate 
aggressive interactions around the water bowl drinkers and to (3) determine 
performance measures when pigs were offered either one, two or three water bowl 
drinkers per pen. 
Information is available on the current drinker to nursery pig’s ratios (drinker: 
pigs).  In the UK producers are recommended 1:15 (DEFRA, 2003), while in the US 
it is 1:10 for nursery pigs (MWPS, 1983).   
A total of 225 crossbred (21 ± 4 d) gilts weighing 5.38 ± 2.65 kg were used.  
Conventional nursery pens had Tenderfoot™ flooring and all pigs had ad-libitum 
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access to a corn-soy diet.  Water was delivered through a single stainless steel 
water bowl drinker and was provided ad libitum.  All pigs received a natural light 
cycle from a curtain sided building.  Nine pens were used for behavioral and 
performance measures such as average daily gain (ADG), and three treatments 
were compared.  Treatment one (TRT 1; n = 3) was defined as one water bowl 
drinker per pen.  Treatment two (TRT 2; n = 3) was defined as two water bowl 
drinkers per pen.  Treatment three (TRT 3; n = 3) was defined as three water bowl 
drinkers per pen.  One day prior to visual recording of drinking behavior, all pigs in a 
pen were identified with an individual number.  One 12 V black and white CCTV 
camera was positioned over each water bowl drinker and behavior was recorded 
from 0700 to 1300 h over two consecutive days onto a DVR at 1 frame per second.  
The acquisition of drinking behavior (defined as the pig having its head in the water 
bowl drinker for 5 s or longer) was obtained by three experienced observers who 
viewed the recordings using 24 h mode (1 frame / s) onto the Observer software.   
The experimental unit was the nursery pen and the total number of visits and 
visit lengths, aggressive interactions and duration and water bowl preference were 
analyzed using the PROC MIXED procedure of SAS.   
Two pens over the two days of the trial did not have 100% of the pigs in that 
pen take a visit to the water bowl drinker (TRT 1 and TRT 3).   
Total number of drinking visits over 6 h differed (P = 0.0209) with TRT 1 and 
TRT 2 pigs having fewer total visits (10.32 ± 0.95 and 10.60 ± 0.84 total visits) to the 
water bowl drinker when compared to TRT 3 (13.88 ± 0.84 total visits).  Total length 
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of time spent at the water bowl drinker was not (P = 0.1117) different between the 
three treatments over the 6 h period.  Total number of aggressive interactions and 
length of aggression around the water bowl drinker over the 6 h period was not (P < 
0.05) different between the treatments.  The total amount of time that nursery pigs 
when offered two (F vs. O) water bowl drinkers in a pen did not (P = 0.47) differ.  
However, when pigs were offered three (F vs. O vs. A) water bowl drinkers in a pen 
there was a difference (P < 0.0001) for total amount of time spent at all three 
locations (135.87 ± 16.19 [F] vs. 188.29 ± 16.43 [O] vs. 61.36 ± 18.11 [A]).   
 There were no differences (P = 0.06) for ADG (0.41 ± 0.03, 0.43 ± 0.02 and 
0.46 ± 0.02) for one, two or three water bowl drinkers per pen respectively.  In 
conclusion, when offered more places to drink they visited the water bowl drinker 
more often which tended to increase ADG in nursery age pigs.  In addition, pigs 
displayed a water bowl drinker preference with the alley location being the least 
favored.  Additional information on placement of key resources within a pen to 
enhance the drinking behavior for the pig is a useful tool for the swine industry and 
stakeholders when designing water delivery systems to enhance pig well-being and 
overall profitability. 
 
Introduction 
 Knowledge on correct placement for key resources to facilitate unhindered 
drinking for nursery aged pigs is limited (Olsson, 1983; Phillips and Fraser, 1990; 
Phillips et al., 2001; Sadler et al., 2007).  Wolter et al., (2000) conducted some 
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elegant work on feeder designs and location for the 17 d old nursery pig and 
reported that feeders positioned in multiple locations within a pen did not increase 
performance (Gain :Feed ratios [0.70 vs. 0.70 vs. 0.69 ± 0.008] or feed 
disappearance (P > 0.10) between the treatment groups.   
 Many factors need to be considered when optimizing drinking availability to 
the pig.  Firstly, drinking system design (Brumm, 2000; Payne, 2004; Adam and 
Voets, 2006; Strachan et al., 2007; Torrey and Widowski, 2006) and secondly 
management strategies (Johnson et al., 2006; Edler et al., 2007; Johnson and 
Jackson, 2007) have been compared to determine drinking related behaviors in the 
nursery pig.  Johnson et al., (2006) and Johnson and Jackson (2007) reported that 
when water was withheld for a period of 15 h, the first hour following pen water 
supply restoration resulted in an increased number of visits (1.96 ± 0.26 vs. 4.46 ± 
0.26 visits) and duration of time (18.08 ±4.04 vs. 64.44 ± 4.02 s) spent at the nipple 
cup drinker. After that first hour, there were no differences.   
 Management of the water delivery systems (in regards to water flow and 
height of the water nipple or bowl) is critical to optimize the well-being and 
performance of the pig (Li et al., 2005).  Finally, providing the optimal ratio of pigs to 
water resource needs to be considered.  To date, information pertaining to drinker to 
pig ratio are 1:15 in the UK (DEFRA, 2003) and 1:10 in the US (MWPS, 1983).   
The objectives of this study were (1) to determine the number of visits and 
length of time spent at water bowl drinkers, (2) to determine the pigs acquired 
preference for a water bowl drinker location (time spent [s]) within in a nursery pen, 
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(3) to determine the number and length of aggressive interactions around the water 
bowl drinkers and (4) to determine average daily gain (ADG) when nursery pigs 
were offered either one, two or three water bowl drinkers per pen. 
 
Materials and Methods 
Animals and Location 
The project was approved by the Iowa State University Animal Care and Use 
Committee.  A total of 225 crossbred (21 ± 4 d) gilts weighing 5.38 ± 2.65 kg were 
used in this study.  Research was conducted over 6 weeks from October to 
December 2006 at a commercial nursery facility. 
 
Diets, Housing and Husbandry 
Each nursery pen measured 1.83 x 3.05 m, providing 0.22 m2 / pig.  Steel 
penning dividers were 3.05 m length x 91 cm height.  Tenderfoot™ flooring was 
utilized in all pens and pigs had ad-libitum access to a corn-soy diet formulated to 
meet or exceed NRC requirements (NRC, 1998).  Diets were provided through a five 
hole stainless steel feeder 68.58 cm high x 91.44 cm length.  The building was 
curtain sided so that pigs received a natural light cycle.  Farm personnel observed all 
pigs twice daily at 0730 and 1530 h respectively.  Each pen contained either one, 
two, or three stainless steel water bowl drinkers that measured 28.58 cm high x 
17.78 cm wide (Farmweld DRIK-O-MAT® Wean-to-Finish Cup). 
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Treatments 
A total of nine pens were used (n = 3 per treatment containing 25 gilts per 
pen).  Treatment one (TRT 1) was defined as one water bowl drinker per pen.  TRT 
1 had the water bowl drinker positioned on the same side as the feeder and close to 
the back wall (F).  This provided 1 water bowl drinker per 25 gilts per pen.  
Treatment two (TRT 2) was defined as two water bowl drinkers per pen.  TRT 2 had 
the water bowl drinkers positioned as follows; F and the second positioned across 
from the feeder along the back wall side (O).  This provided 1 water bowl drinker per 
12 gilts per pen.  Treatment three (TRT 3) was defined as three water bowl drinkers 
per pen. TRT 3 had the water bowl drinkers positioned as follows; F, O, and the third 
water bowl were positioned across from the feeder next to the alleyway (A).  This 
provided 1 water bowl drinker per 8 gilts per pen.  
 
Climatic Measurements 
Environmental temperature was electronically recorded using data loggers 
(Hobo Pro series, MA).  Each data logger was suspended over each pen from the 
feed auger at a height of 92 cm from the ground.  Ambient temperature (oC) and 
(RH,%) were recorded every 10 min during the 6 week trial (Table 3.1).  Minimum, 
maximum, and average air temperatures for the two days of behavioral recording 
were 22.86, 27.13, and 25.31 °C.  For RH (%), minimum, maximum, and averages 
were 45.90, 70.25, and 54.64% respectively.   
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Behavioral Equipment and Acquisition 
One day prior to visual recording of behavior, all pigs in a pen were identified 
with an individual number placed between the scapulas using an animal safe crayon 
(Laco® Twist-Stick Livestock Marker, LA-CO Markal, Illinois).  One 12 V black and 
white CCTV camera (Model WV-CP484, Panasonic Matsushita Co Ltd., Japan) 
was positioned over each water bowl drinker and recordings were made over two 
consecutive days from 0700 to 1300 h onto a DVR (RECO-204) Darim Vision®, 
USA) at 1 frame / s .  
Behavior was collected over two consecutive days in November 2006 (Week 
4) from 0700 to 1300.  The acquisition of behavior was collected by three 
experienced observers who viewer the DVD’s using a 24 h mode (5 frames / s) and 
recorded observation data using Observer software (The Observer, Ver. 5.0.25 
Noldus® Information Technology, Wageningen, The Netherlands). 
 
Behavioral Measurements 
Drinking related behaviors from all pigs were individually collected over the 
trial from 0700 to 12:59:59 respectively.  A pig was considered to be drinking when 
its head was in the water bowl drinker for 5 s or longer (Turner et al., 1999).  The 
time it took for each individual pig to make that first visit of 5 s or longer to the water 
bowl drinker was determined.   
In addition, the hourly and total number of visits and the duration of time spent 
at the water bowl drinker (equal to or greater than 5 s) were recorded.  A drinking 
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visit was defined as each time the pigs head was in and terminated when the pigs 
head moved out of the water bowl drinker.  
 Aggression around the water bowl drinker was defined as any fight, bully, 
head-knock, or chase (D’ Eath, 2002) which occurred in a radius of 0.61 m or less 
from the edge of the water bowl drinker.  The number and length of time (s) engaged 
in an aggressive interaction was recorded. 
Hourly water bowl drinker preference was defined as the length (s) of drinking 
visits at a water bowl drinker within a pen was acquired.  Pigs within treatment two 
(F vs. O) and pigs within treatment three (F vs. O vs. A) were compared respectively 
for preference for water bowl drinker location in the pen.   
Behavior was expressed on an hourly basis and also in three two hour time 
blocks.  Therefore, for 0700 this equates to a recorded time beginning at 0700 and 
ending at 07:59:59 respectively.  For the three time blocks (B1, B2 and B3) equates 
to hourly time blocks summed together, therefore, B1 summed 0700 – 08:59:59, B2 
summed 0900 – 10:59:59, and B3 summed 1100 – 12:59:59 respectively.  
 
Performance Measurements  
Gilts were individually ear tagged (Allflex® Round Button Ear Tags, Allflex 
USA, Texas) and weighed using a platform scale (PS250 Platform Scale, Salter 
Brecknell MN) on d 0 and d 42 of the trial.  Starting weights, ending weights and 
average daily gain (ADG) were calculated.  A total of 8 pigs were removed from the 
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trial due to death (n = 5), sickness (n = 2), and lameness (n = 1) after behavioral 
observation.   
 
Statistical Analysis 
The experimental unit was the nursery pen.  The number of visits and the 
duration of visits made by each individual pig were evaluated through Observer.  
Any visit less than 5 s in duration was not included in the final analysis. 
The data was sorted by day, pig and hour and the total number of visits to the 
water bowl drinker and the total time spent drinking for each individual pig over each 
hour was calculated.  The total number of visits, visit lengths, aggressive interactions 
and performance was analyzed for the total 6 h period, on an hourly and block basis 
using the PROC MIXED procedure of SAS (2007; SAS® Inst. Inc., Cary, NC) 
software for parametric data on a pen basis.  The model included treatment (one, 
two, or three water bowl drinkers) and a weight block was used as a linear covariate.  
Pen nested within treatment and day was included as a random effect in the model.  
Non-significant (P > 0.05) main effect (day) and the interaction were removed from 
the final model. 
Water bowl drinker preference was analyzed on an hourly and block basis 
using the PROC MIXED procedure of SAS (2007; SAS® Inst. Inc., Cary, NC) 
software for parametric data on a pen basis.  The model included water bowl drinker 
position (F, O, A) and a weight block was used as a linear covariate.  Pen nested 
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within pig was included as a random effect in the model.  Non-significant (P > 0.05) 
main effect (day) and the interaction were removed from the final model.  
 
Results 
Behavioral Measures 
Percentage of nursery pigs that had a drinking visit at the water bowl drinker 
is presented in Table 3.2, during each individual hour and in the two hour time 
blocks.  On d 1, pen 9 (TRT 1) and on d 2, pen 5 (TRT 3) did not have 100% of the 
pigs in those pens make a visit of 5 s or longer to the water bowl drinker over the 6 h 
time period respectively. 
Total number of drinking visits over the 6 h differed (P = 0.0209) with TRT 1 
and TRT 2 pigs having fewer total visits (10.32 ± 0.95 and 10.60 ± 0.84 total visits) 
to the water bowl drinker when compared to TRT 3 (13.88 ± 0.84 total visits).  At 
0700, 0800 and 1200 h respectively there were differences (P < 0.05) in pigs 
regardless of treatment making more visits to the water bowl drinker compared to 
the other hours of observation.  In addition pigs in TRT 3 visited more often (P < 
0.05) than pigs in TRT 1 (Table 3.3). 
Total length of time spent at the water bowl drinker was not (P = 0.1117) 
different between treatments over the 6 h period.  However, there was a difference 
(P < 0.05) observed at 0800 and 1200 with TRT 1 spending less time at the water 
bowl drinker than TRT 3 (Table 3.4).   
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Total number and length of time engaged in aggressive interactions around 
the water bowl drinker were not (P > 0.05) different between treatments.   
There was a difference for length of time (P = 0.0235) and number (P = 
0.0202) of aggressive interactions for 0700 for pigs housed in TRT 1.  TRT 1 pigs 
had more aggressive interactions and the interactions were longer compared to TRT 
3 (Tables 3.5 and 3.6).  For all other hourly time periods there were no differences in 
the length of time or number of aggressive interactions between treatments.  
The total amount of time that nursery pigs spent when offered two (F vs. O) 
water bowl drinkers in a pen did not (P = 0.47) differ.  However, when pigs were 
offered three (F vs. O vs. A) water bowl drinkers in a pen there was a difference (P < 
0.0001) for total amount of time spent at all three locations (135.87 ± 16.19 [F] vs. 
188.29 ± 16.43 [O] vs. 61.36 ± 18.11 [A]).   
When hours were parceled out for the time spent at one of the water bowl 
drinker location within a nursery pen there were no (P > 0.05) differences between F 
and O over the 6 h observational period (Figure 3.1).  Pigs in TRT 3 preferred (P < 
0.05) F and O respectively at 0700 and 0900 to 1100 over A, and at Noon there 
were no (P > 0.05) differences (Figure 3.2).   
 
Performance Measures 
Ending weights for pigs on trial were 23.78 ± 8.13 kg.  There were no 
differences (P = 0.06) in ADG for one, two or three water bowl drinkers per pen 
respectively.  Although not different, there was a trend for pigs in TRT 2 (0.43 ± 0.02 
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kg) and 3 (0.46 ± 0.02 kg) to have increased ADG compared to pigs in TRT 1 (0.41 
± 0.03 kg).   
 
Discussion 
 Farm animals form a social hierarchy or rank order that can affect 
accessibility to key resources within their pen (Bouissou, 1965).  In competitive 
situations, higher ranked animals might have more access to water.  A lower ranking 
animal might have more accessibility success to obtain water when desired if the 
producer considers the placement strategy within a pen and / or the ratio of drinkers 
to animals (Anderson and Lindgren, 1987).  Anderson (1987) addressed the effects 
of both number and location of water bowls in regards to the social ranking on 
drinking behavior in dairy cattle.  The author concluded that two bowls were not 
better than one due to the bowls being too close together in the pen.  Deligeorgis et 
al., (2006) investigated the effect of drinker location (front right, front left, back right 
or back left) within the farrowing stall in relation to the microenvironment on drinking 
behavior for the newborn pig over the first 2 d after parturition.  Newborn piglets 
visited the drinker more (P < 0.001) during day compared to night hours and piglets 
preferred drinkers that were positioned front right and back right (where the heat 
lamp was situated).   
 From the present study, the total number of drinking visits over 6 h differed (P 
= 0.0209) with TRT 1 and TRT 2 pigs having fewer total visits to the water bowl 
drinker when compared to TRT 3.  These findings are in agreement with a previous 
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study conducted by Turner et al., (1999).  The authors compared four treatments (3 
drinkers: 60 pigs, 1 drinker: 20 pigs, 6 drinkers: 60 pigs, and 2 drinkers: 20 pigs) and 
concluded that the higher drinker to pig ratio (1:10) resulted in (P < 0.05) more visits 
(1.6 vs. 1.2 ± 0.15 visits / h) when compared to pigs provided a 1:20 ratio.   
 When parceling out individual observational hours (0700 – 1300 h) two hours 
(0800 and 1200) peaked for drinking visits and length of time for all treatments.  
However, when provided three drinking bowls per pen, pigs visited and spent longer 
at these water bowl drinkers compared to TRT 1 (0800 [46.68 ± 4.14 vs. 29.63 ± 
4.67 s] and 1200 [41.00 ± 3.48 vs. 23.45 ± 3.93 s]) respectively.  Two factors that 
could account for these two peaks in drinking behavior are circadian drinking 
rhythms (Rossi et al., 1999) and the relationship between feeding and drinking 
behaviors (Yang et al., 1981).  Although feeding related activities were not collected 
it has been well documented that pigs are prandial drinkers and that there is a clear 
relationship between feeding and drinking (Bigelow and Houpt, 1988; Barber et al., 
1989) along with preferred times of the day when pigs will drink (Brumm, 2006).  
Haugse et al., (1965) found that 35% of the time pigs that were presently eating 
would begin drinking immediately afterwards, and pigs engaged in drinking behavior 
would 50% of the time subsequently initiate feeding.  Further studies would be useful 
to determine such a relationship.  
In our study, only one pen (TRT 1 and 3) on each day of observation failed to 
achieve 100% of the pigs in a pen visiting the drinker for a 5 s or longer period.  
Numerous reasons could be attributed to such a finding, for example all the pigs in a 
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pen did visit the water bowl drinkers but not for 5 s or longer (defined as drinking, 
Turner et al., 1999).  That specific pig(s) might have been engaged in other 
behaviors or postures over the 6 h observation period and visited the water bowl 
drinker after the conclusion of the experiment for both days.   
 New born piglets learn to drink by imitation of their littermates (Philips 
and Fraser, 1990).  Piglets find the water more quickly if it is in a bowl, rather than a 
nipple and in as little as 14 h if air bubbled through the water (Phillips and Fraser, 
1991).  The preference for water bowls continues into the nursery and grow-finish 
period.  In addition to water bowl design preference, location can also affect the 
visits and length of time spent at the resource.  In this study there was a water bowl 
drinker location preference (P < 0.0001) when pigs were offered F, O, or A.  Pigs 
preferred F and O respectively at 0700 and 0900 to 1100 over A (Figure 3.2).  
Possible reasons that might have affected the low preference for water bowl drinker 
A are an increase in the day to day traffic (Talling et al., 1996; Hemsworth, 2003) 
and as noted by the researchers, this area of the pen was the dunging area for pigs.  
Pedersen (1989) reported that pigs avoided drinking water that has been fouled by 
feces.  
Number and length of aggressive interactions were greater (P < 0.05) at 0700 
when pigs had one water bowl drinker per pen, for all other time periods there were 
no differences.  Aggressive interactions can disrupt the temporal eating and drinking 
related activities of the pig (Friend et al., 1983; Christison, 1996) and this can affect 
short and long term well-being and performance.  These findings are in agreement 
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with Turner et al., (1999) who reported more (P < 0.01) aggressive interactions in 
drinker-related aggression when a 1:20 drinker to pig ratio was allocated to the pen 
when compared to a group with a 1:10 drinker to pig ratio (7.8 vs. 3.3 ± 1.35% of 
their time).   
 Although there were no differences (P = 0.06) for ADG between treatments, a 
pattern was noted in that pigs in TRT 2 and 3 tended to have increased ADG 
compared to pigs in TRT 1.  Brumm and Shelton (1986) concluded that when 
recently weaned pigs were offered two nipple waterers per pen (16:1 pigs to water 
ratio) that after 35 d on trial the pigs were 0.91 kg heavier compared to those pigs 
that only had one.  However, overall daily feed intake or feed conversion did not 
differ between treatments.  Turner et al. (1999) reported no differences (P > 0.05) in 
ADG, Average Daily Feed Intake (ADFI) or Food Conversion Rate (FCR) between 
groups, they did however report that there was a tendency (P < 0.10) for the pens 
with a more restricted drinker access (1:20) to have a higher water use: food intake 
ratio (2.97 vs. 2.51 ± 0.22) than the pigs provided a 1:10 ratio.  
 In conclusion, when nursery pigs were offered three drinking locations they 
visited the water bowl drinker more often over the 6 h observational period which 
tended to increase ADG.  In addition, pigs displayed a water bowl drinker preference 
with the alley location being the least favored.  Additional information on placement 
of key resources within a pen to enhance the drinking behavior for the pig is a useful 
tool for the swine industry and stakeholders when designing water delivery systems 
to enhance pig well-being and overall profitability. 
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Table 3.1 Weather measurements for the commercial nursery, from October to 
December 2006.  
  Week 
Parameter  1 2 3 4 5 6 
Air temperature, oC  
      
Minimuma   24.79 23.14 22.53 22.42 21.22 20.19 
Maximumb   31.99 29.33 29.23 27.80 28.02 27.63 
Average   28.24 26.42 25.76 25.62 24.83 23.91 
Relative humidity, %        
Minimumc   35.44 33.60 37.10 43.09 34.54 47.80 
Maximumd   62.37 59.83 72.16 71.37 70.90 86.90 
Average   48.00 43.70 52.98 52.91 49.16 64.58 
  
aaverage minimum daily temperature, oC 
  
baverage maximum daily temperature, oC 
  
caverage minimum relative humidity, % 
  
daverage maximum relative humidity, % 
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Table 3.2  Descriptive percentages of the hours for 7 week old pigs to make a first 
visit of 5 s or longer to one, two, or three water bowl drinkers over the first day of 
observation in November 2006.  
   Hour Time block 
Day Pen Treatment 7 8 9 10 11 12 B1 B2 B3 
1 1 2 76 100 100 100 100 100 100 100 100 
 2 3 67 100 100 100 100 100 100 100 100 
 3 1 56 100 100 100 100 100 100 100 100 
 4 2 52 96 100 100 100 100 96 100 100 
 5 3 72 100 100 100 100 100 100 100 100 
 6 1 60 100 100 100 100 100 100 100 100 
 7 2 52 96 100 100 100 100 96 100 100 
 8 3 70 100 100 100 100 100 100 100 100 
 9 1 76 96 96 96 96 96 96 96 96 
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Table 3.2 Continued. Descriptive percentages of the hours for 7 week old pigs to 
make a first visit of 5 s or longer to one, two, or three water bowl drinkers over the 
second day of observation in November 2006.  
   Hour Time block 
Day Pen Treatment 7 8 9 10 11 12 B1 B2 B3 
2 1 2 32 92 92 92 92 100 92 92 100 
 2 3 63 96 96 100 100 100 96 100 100 
 3 1 72 96 96 96 100 100 96 96 100 
 4 2 80 96 96 100 100 100 96 100 100 
 5 3 64 92 96 96 96 96 92 96 96 
 6 1 63 92 100 100 100 100 92 100 100 
 7 2 52 96 100 100 100 100 96 100 100 
 8 3 78 100 100 100 100 100 100 100 100 
 9 1 48 84 96 100 100 100 84 100 100 
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Table 3.3  Least squared means and standard errors for the main effect on one, two, 
or three water bowl drinkers per pen on the number of drinking visits of 5 s or longer 
over a 6 h observational period for 7 week old pigs over two consecutive days in 
November 2006.  Pen nested within treatment and day was included as a random 
effect in the model.  Body weight (kg) was used as a linear covariate. 
   Treatment  
Hour 1 2 3 P-values 
0700 1.17 ± 0.12ab  0.85 ± 0.12a  1.32 ± 0.11b  0.0303 
0800 2.27 ± 0.31a  2.60 ± 0.27a  3.65 ± 0.27b  0.0111 
0900 1.55 ± 0.39  1.79 ± 0.34  2.08 ± 0.34  0.5932 
1000 1.24 ± 0.20  1.00 ± 0.17  1.14 ± 0.18  0.6569 
1100 1.91 ± 0.22  1.91 ± 0.19  2.51 ± 0.19  0.0789 
1200 2.20 ± 0.22a  2.44 ± 0.20a  3.19 ± 0.20b  0.0121 
Time block 1 2 3 P-values 
B1 3.44 ± 0.32a  3.45 ± 0.28a  4.96 ± 0.28b  0.0031 
B2 2.79 ± 0.50  2.79 ± 0.44  3.22 ± 0.44  0.7435 
B3 4.10 ± 0.33a  4.35 ± 0.29a 5.70 ± 0.30b 0.0056 
absuperscripts differ within a row at P < 0.05. 
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Table 3.4  Least squared means and standard errors for the main effect on one, two, 
or three water bowl drinkers per pen for the length of drinking visits of 5 s or longer 
over a 6 h observational period for 7 week old pigs over two consecutive days in 
November 2006.  Pen nested within treatment and day was included as a random 
effect in the model.  Body weight (kg) was used as a linear covariate. 
 Treatment  
Hour 1 2 3 P-values 
0700 16.72 ± 1.95  11.33 ± 1.72  15.71 ± 1.73  0.1140 
0800 29.63 ± 4.67a  35.49 ± 4.12ab  46.68 ± 4.14b  0.0451 
0900 17.19 ± 6.22  25.24 ± 5.50  29.08 ± 5.48  0.3793 
1000 15.83 ± 2.52  12.48 ± 2.22  14.23 ± 2.23  0.6164 
1100 22.48 ± 4.06  27.36 ± 3.59  31.69 ± 3.61  0.2755 
1200 23.45 ± 3.93a  35.39 ± 3.47b  41.00 ± 3.48b  0.0172 
Time block 1 2 3 P-values 
B1 46.36 ± 5.24  46.82 ± 4.62  62.40 ± 4.46  0.0535 
B2 33.02 ± 8.02  37.73 ± 7.05  43.38 ± 7.06  0.6312 
B3 45.93 ± 6.13a  62.75 ± 5.41ab  72.69 ± 5.44b  0.0206 
absuperscripts differ within a row at P < 0.05. 
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Table 3.5  Least squared means and standard errors for the main effect on one, two, 
or three water bowl drinkers per pen for the number of aggressive interactions of 5 s 
or longer around the drinker over a 6 h observational period for 7 week old pigs over 
two consecutive days in November 2006.  Pen nested within treatment and day was 
included as a random effect in the model.  Body weight (kg) was used as a linear 
covariate. 
 Treatment  
Hour 1 2 3 P-values 
0700 0.18 ± 0.03a  0.08 ± 0.03b  0.04 ± 0.03b  0.0235 
0800 0.65 ± 0.19  0.49 ± 0.16  0.77 ± 0.17  0.4925 
0900 0.26 ± 0.09   0.26 ± 0.08   0.34 ± 0.08   0.7415 
1000 0.29 ± 0.07  0.08 ± 0.06  0.16 ± 0.06  0.1165 
1100 0.26 ± 0.08  0.30 ± 0.07 0.41 ± 0.07  0.3842 
1200 0.40 ± 0.12  0.40 ± 0.12  0.66 ± 0.12  0.1849 
Time block 1 2 3 P-values 
B1 0.83 ± 0.19  0.57 ± 0.17  0.81 ± 0.17  0.4995 
B2 0.55 ± 0.10  0.34 ± 0.09  0.50 ± 0.09  0.2906 
B3 0.66 ± 0.14  0.70 ± 0.13  1.07 ± 0.13  0.0861 
absuperscripts differ within a row at P < 0.05. 
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Table 3.6  Least squared means and standard errors for the main effect on one, two, 
or three water bowl drinkers per pen for the length of aggressive interactions of 5 s 
or longer around the drinker over a 6 h observational period for 7 week old pigs over 
two consecutive days in November 2006.  Pen nested within treatment and day was 
included as a random effect in the model.  Body weight (kg) was used as a linear 
covariate. 
 Treatment  
Hour 1 2 3 P-values 
0700 1.22 ± 0.24a  0.49 ± 0.21b  0.16 ± 0.22b  0.0202 
0800 5.74 ± 2.05  3.65 ± 1.81  5.56 ± 1.81  0.6861 
0900 2.48 ± 0.80   2.38 ± 0.70   1.91 ± 0.71   0.8425 
1000 2.17 ± 0.57  0.76 ± 0.50  1.21 ± 0.50  0.2116 
1100 0.60 ± 0.74  2.63 ± 0.65  2.94 ± 0.65  0.0748 
1200 2.57 ± 1.34  3.29 ± 1.18  4.37 ± 1.18  0.6057 
Time block 1 2 3 P-values 
B1 6.92 ± 2.07  4.14 ± 1.82  5.72 ± 1.83  0.6080 
B2 4.63 ± 0.90  3.13 ± 0.79  3.12 ± 0.80  0.3987 
B3 3.15 ± 1.41  5.91 ± 1.23  7.31 ± 1.25  0.1258 
absuperscripts differ within a row at P < 0.05. 
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Figure 3.1 Least square means and standard errors for the main effect on one or two 
water bowl drinkers per pen for length of water bowl preference of 5 s or longer over 
a 6 h observational period for 7 week old pigs over two consecutive days in 
November 2006.  (P > 0.05) 
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Figure 3.2 Least square means and standard errors for the main effect on one, two, 
or three water bowl drinkers per pen for length of water bowl preference of 5 s or 
longer over a 6 h observational period for 7 week old pigs over two consecutive days 
in November 2006.  Superscripts within an hour differ at P < 0.05. 
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